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(54) Method for controlling the gene expression in lactic add bacteria 



(57) The present invention relates to a method for the 
controlled expression, in a lactic acid bacterium, of a 
DNA fragment containing one or more genes coding for 
a desired characteristic, characterised in that 

the DNA fragment is under the control of a promoter 
for a microbial gene which codes for an antimicrobial 
peptide, and 

the gene/the genes are brought to expression on the 
DNA fragment by the addition of a suitable inducing 
factor for the transcription activation. 

The promoter is preferably the ni$A promoter from 
Lactococcus iactis. 

The inducer is preferably acceptable for food prod- 
ucts, and more preferentially is nisin or derivatives 
thereof. 

The invention also relates to a method for the pro- 
duction of proteins or RNA, as well as to a method for 
the preparation of dairy products using the expression 
system according to the invention. 

The invention finally relates to lactic acid bacteria 
and expression vectors for use in the method according 
to the invention. 
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Description 

, The present invention relates to a method for the controlled expression, in a lactic acid bacterium, of a DNA fragment 
which contains one or more genes which code for a desired characteristic. 

5 Methods for the controlled expression of DNA fragments in lactic acid bacteria have already been described. How- 

ever, these known systems are not satisfactory for various reasons. 

For instance, J.M. Wells et al, Appl. Environm. Microbiol. 59 (1993) 3954-3959 describe a system for regulation of 
gene expression by an extracellular factor, in which system the heterologous T7 RNA polymerase gene is brought to 
controlled expression under the control of the lac promoter from the lactose operon of L iactis. With this procedure the 

10 expression is induced by replacing glucose by lactose in the culture medium. However, this system - and comparable 
systems from the prior art in which the gene expression is induced by changing the sugar source in the culture medium 
- has a number of disadvantages, in particular in the case of large-scale preparation of, for example, foodstuffs, such as: 

The achievable degree of overexpression is restricted, usually to a factor of at most a few tens. 
75 - The regulation is not strict/absolute, that is to say without the presence of the inducer some transcription of the 
regulated DNA fragment still takes place. 

The systems require the use of specific sugar sources, which can be expensive, such as, for example, xylose, which, 
moreover, have to be added in preponderant amounts. 

The sugar inducer can be added effectively only after removal of the sugar used beforehand. 
20 - The presence of specific sugars in the end product is not always desirable, whilst the removal thereof - rf this is even 
possible - is associated with additional production steps and additional costs. 

In some cases heterologous DNA must be introduced; for instance, the T7 RNA polymerase gene and promoter 
are used in the abovementioned system. 

25 Lakshmidevi et al. , Applied Environmental Microbiology, April 1 990, p. 934-942 confirm the problems which prior to 
the present application existed in this specialist field: 

"This program of starter improvement would be enhanced by the development of procedures enabling controlled 
expression of specific genes. To achieve this a detailed knowledge of the regulation of gene expression in these bacteria 
[Lactococct] is required. [....] However to our knowledge there are no published reports of detailed study on the regulation 

30 of gene expression in Lactococct" 

Lakshmidevi himserf describes the promoter of the bacteriophage Bk5-T which is effective in Lactococcus. However, 
this is not a bacterial promoter, nor a promoter which controls the expression of an antimicrobial peptide. Moreover, the 
bacteriophage Bk5-T DNA is heterologous with respect to lactic acid bacteria and it is also not possible to obtain a 
strict/absolute regulation of the expression. 

35 In H. Israelsen et ai.: "Environmentally regulated promoters in lactococci", Abstract 16, 4th Conference on Strepto- 
coccal genetics, Santa F6, May 15-18 (1994) various induction systems are described for L. Iactis, the gene expression 
being controlled by changing the temperature, growth phase, oxygen concentration and/or substrate components. 

A temperature-sensitive regulation of the expression of the dnaJ gene of L Iactis has also been described (J. Bac- 
teriol. 175 [1993] 1637-1644). 

40 International Patent Application 94A)0581 (Viagen Oy) describes a Lactobacillus expression system based on the 
gene sequences of the surface protein (sp) gene. 

However, this is not a gene that codes for an antimicrobial peptide. Furthermore, the relevant promoter or the relevant 
operon is not induced by its own gene product. 

Moreover, it is stated on page 6, lines 20-27, that "the Lactobacillus coat protein is apparently synthesized under a 
45 wide variety of culture conditions [....]. The use of this promoter provides an advantage when it is desired to increase 
the expressions of genes or operons of, for example, biosynthetic or degradative pathways which are otherwise tightly 
regulated". 

The gene expression system described in said application therefore does not give a very stringent regulation, whilst 
the aim of the present invention is to obtain a very strict/absolute regulation. 
so D. Kirsch et al., Journal of Antibiotics, Part 2, No. 91, 1991, describe an assay for the detection of antibacterial 
antibiotics, wherein said antibiotics are added to microorganisms which contain fusions between promoters which can 
be initiated by antibiotics and structural genes for E. coii p-galactosidase. 

The promoters mentioned in this context are the tetA/tetR promoter of tfansposon Tn10 induced by tetralycfine, the 
promoter of S. aureus erm C. erythromycin-resistance gene induced by erythromycin and the promoter of S. aureus cat 
55 86 chloramphenicol resistance gene induced by chloramphenicol. 

However, these are promoters of resistance genes; such promoters can, of course, be induced by the addition of 
the relevant antibiotic. However, these antibiotics are not antimicrobial peptides, nor are they the gene product of the 
relevant resistance genes, nor are they food-grade. 
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International Patent Application 87/00203 (Columbia University) describes plasmids which contain promoters for 
bacteriocins such as colicin. These promoters can be used to regulate the expression in E. coli However, regulation of 
the expression in lactic acid bacteria using this promoter is neither described nor suggested. 

Also, these promoters cannot be induced by their own gene product, that is to say colicin itself and/or derivatives 
5 thereof. According to said application, the colicin synthesis can also be induced by a large number of different factors, 
such as factors in the culture medium, changes in the temperature, and, for example, mitomycin C. There is therefore 
no question of a strict/absolute regulation. 

International Patent Application 92/04451 (Genesit Oy) describes, in general terms, vectors for promoters which 
are effective in E. coli, B. subtilis, Lactococci and Lactobacillus, chosen from the plasmids pKHT1734 and pKHT1736 
w described therein. 

Neither the nisA promoter, nor any other Lactococcus promoter, the induction thereof or the use thereof for Lacto- 
cocci is either described or suggested in said application. 

However, with these systems the degree of transcription activation is limited and the regulation is not strict, as a 
result of which the usability for industrial applications is limited. 
75 Furthermore, the addition of unconventional substrate components - such as cooking salt - is undesirable in pro- 

duction processes in the food industry, whilst temperature induction in lactic acid bacteria with, for example, temperature- 
sensitive repressor systems - for example as described for E. coli - is not always possible because lactic acid bacteria 
have a limited temperature range. 

Other known systems for regulating the expression in lactic acid bacteria require inducers which are toxic and there- 
to fore not acceptable for foodstuffs, such as mitomycin C. 

The systems described above also have the disadvantage that with these systems the regulation is generally neg- 
ative regulation, that is to say repression of the gene expression during growth under specific conditions, which. is less 
simple to use (more laborious) than the use of positive regulation by adding a specific substance at a desired point in time. 
Furthermore, in cases where lactic acid bacteria are used in foodstuffs, such as, for example, in cheese and yoghurt, 
25 it is undesirable first to make substantial changes to the composition of the medium in order to make it is possible to 
regulate the transcription of a specific gene, and this is a disadvantage of all of the systems described above. 

There is therefore a need for a simple method for the controlled expression of a DNA fragment coding for one or 
more genes in lactic acid bacteria, with which method the above-mentioned disadvantages can be overcome, so that 
the transcription of the one or more desired genes can be regulated positively and to a marked degree at any desired 
30 point in the growth of the lactic acid bacteria concerned, without adversely influencing the composition of the medium 
and thus also the desired product characteristics of the fermented product to be obtained. 

This certainly also applies in cases where lactic acid bacteria are used as production organisms for foodstuffs or 
constituents thereof where the production has to take place in a controlled manner. 

It has now been discovered that a system of this type can be obtained by making use of promoters of microbial 
35 genes which code for antimicrobial peptides from lactic acid bacteria, such as the promoter of the nisin A structural gene. 
This structural gene, as well as its promoter and the sequence thereof, have already been described in the prior art 
[Buchman et al.; J. Biol. chem. 263 (31) (1988) 16260-16266]. 

International Patent Application 93/20213 (Agriculture and Food Research Council) also describes the sequence 
of the nisA promoter and its flanking regions, as well as plasmids which contain this promoter. 
40 However, the said application relates to organisms and methods for the production of variant nisins, including nisin 
Z, which in general are produced by mutating and/or completely inactivating the nisA structural gene. 

However, the expression of these mutated nisin structural genes is preferably carried out under the influence of a 
lacA promoter; to this end the naturally occurring nisin promoter is replaced by said heterologous promoter. 

However, the problem addressed by the present application, that is to say the provision of a preferably homologous 
45 expression system in Lactococcus, which is able to give a strict/absolute regulation of the gene expression using (in low 
concentrations) suitable inducers, which preferably are acceptable for food products, is not solved by the said application. 

This is also apparent from a discussion of International Patent Application 93/20213 by one of its inventors, M.J. 
Gasson, in FEMS Microbiol. Rev. 12 (1993), 3-20, in which it is stated that 

"while the lactose operon is subjected to negative regulation it is onty partially switched off during repression. 
so More effective genetic switches are desirable [...]". 

J.R. van der Meer, OR Kuipers, W.M. de Vos et al., Journal of Bacteriology, May 1993, p. 2578-2588 describe the 
nisP and nisR genes of L lactis. In this article it is stated that the nisR gene product is a "protein regulatory involved in 
nisin biosynthesis**. * ' 

However, the nisR gene product is not a protein with antibacterial activity but a factor which - together with the nisK 
55 gene product - is involved in the signal transduction of extracellular nisin. which results in transcription activation. More- 
over, although the nisR gene does contain a promoter, this promoter is not induced by the nisR gene product, nor by 
nisin or its derivatives. Moreover, the nisA and nisZ promoters cannot be induced by the nisR gene product. 

It has now been discovered that promoters which code for antimicrobial peptides, and in particular the nisA promoter 
and the nisZ promoter, can be induced by their own gene product, that is to say the antimicrobial peptide for which they 
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regulate the expression in nature, and/or derivatives thereof. Thus, it has been found that the nisA promoter can be 
induced strictly/absolutely by nisin or suitable analogues/derivatives thereof, for example derivatives obtained after post- 
radiational expression. By this means it is possible, by adding such an inducer/inducing factor in a controlled manner 
at a desired point in time, to obtain expression ol a homologous or heterologous gene which is operably connected to 
5 said antimicrobial promoters. 

The present invention therefore relates to a method of the type described above, characterised in that 

the DN A fragment is under the control of a promoter of a microbial gene which codes for an antimicrobial peptide, and 
the genes coded for on the DNA fragment are brought to expression by the addition of a suitable inducer for the 
io transcription activation. 

The promoter is generally selected from promoters of genes which code for antimicrobial peptides, such as, for 
example, the (antibiotics, and examples of such genes will be apparent to those skilled in the art. 

Furthermore, a person skilled in the art will be able, on the basis of the description given below, to determine which 
15 promoters are suitable for use in the present invention, and which inducing factors must or can be used with these 
promoters. 

The promoter used is preferably derived from lactic acid bacteria, more particularly from the species or strain which 
is used for bringing the desired DNA fragment to expression, so that the promoter is homologous with respect to said 
expression host. 

20 A non-limiting example of a promoter according to the present invention, which is also preferred, is the promoter of 
the nisA gene or the nisZ gene from Lactococcus lactis. 

The inducer used can be any compound which induces the gene expression. The inducing factor employed depends 
on the promoter used and a person skilled in the art will be able to determine, on the basis of the description given 
below, which inducing factor is suitable for the promoter used. 

25 The preferred inducers - such as nisin and derivatives thereof - are advantageously acceptable for foodstuffs, more 
particularly for dairy products, so that the method according to the invention can be employed in the preparation of these 
products. The inducers used also offer a substantial advantage in the production of pharmaceuticals by lactic acid bac- 
teria, because they are not toxic and consequently offer a relatively inexpensive option for a safe production method for 
these substances. 

30 Usually, and preferably, the inducer will be an antimicrobial peptide or a suitable derivative, analogon, mutant, frag- 
ment and/or variant thereof, the inducer activity of which is sufficient to give induction. The latter inducers can be obtained , 
for example, by post-translational modification in vivo, or by preparing a derivative in a manner known per se, for example 
enzymatically or via a chemical route. 

Furthermore, the inducer used will usually be derived from the gene product of the (structural) gene which in the 

35 wild type is under the control of the promoter used. For instance, the nisA or n/sZ promoter preferably used can be 
induced by derivatives of nisin, which are preferably chosen from nisin A, nisin Z and/or analogues, mutants, variants 
and/or derivatives thereof. 

The inducers are preferably produced in and by a lactic acid bacterium, so that said inducers are not alien to the 
lactic acid bacterium used and/or the production process used. This also makes it possible simply to add the inducer in 
40 the form of (a supernatant of) a culture of a lactic acid bacterium which produces this inducer, which offers appreciable 
advantages from the standpoint of process engineering. 

The inducer used is therefore acceptable for foodstuffs, relatively inexpensive, simple to produce and easy to add, 
without having an adverse effect on the culture medium or the end product. 

However, the invention is not restricted to the above-mentioned preferred inducers, but comprises, in general, the 
45 use of all factors which are able to induce the expression in a suitable manner. 

The present invention is based on the fact that certain promoters of genes, especially of gene clusters, which code 
for antimicrobial peptides can be regulated externally in a simple manner, in particular by adding their gene product - 
optionally after further post-translational modifications - or a suitable derivative, analogon, mutant, fragment and/or var- 
iant thereof. 

so This is surprising, because the antimicrobially active inducer gives induction at levels which are far below the MIC 
value, the minimum inhibitory concentration (De Vos et al. (1993) AppL Environm. Microbiol. 59, 213-218) for the micro- 
organisms used. 

The invention therefore dbmpriSes. in the broadest terms, the culture bf a lictic acid bacterium which Contains a 
desired gene under the control of a promoter as described above. The culture of said lactic acid bacterium can be carried 
55 out in the conventional manner, in conventional culture media and using the conventional medium components. 

Usually and preferably, milk, milk-containing and/or milk derived media are used. It should be noted that in general, 
such media contain all the substances required for the growth of the lactic acid bacteria, so that further medium com- 
ponents to facilitate growth of the lactic acid bacteria is not necessary, although this is included within the scope of the 
invention. 
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The induction of the expression of the desired gene can then be obtained by positive regulation, that is to say by 
adding the inducer to the culture described above. 

The addition of said inducer can be carried out at any desired point in time during the culture and particularly at the 
point in time when expression of the gene is desirable. 
£ Furthermore, advantageously only very small amounts - i.e. less than 1 \iqA - of the inducing factor will be required. 

Thus, in the case of the nisA promoter, it is sufficient to add the inducing nisin derivatives in an amount of 0.000001 - 
10 mg/1, preferably 0.00001 - 0.1 mg/l, based on the total volume of the culture, for example in the form of a small 
amount of a fermentation fluid of a nisin-forming L factis strain. 

The DNA fragment with the one or more desired genes can be brought under the control of the promoter by any 
w means known per se, and suitable techniques will be apparent to persons skilled in the art and/or will be described in 
more detail below and in the abovementioned prior art, incorporated herein by reference. 

In general, this comprises operably linking a nucleotide sequence coding for the one or more genes to be expressed 
to a nucleotide sequence coding for the promotor, the term "operably linked" having the usual meaning in the art, i.e. 
that the nucleotide sequences are in the correct reading frame with respect to each other, or possess their own binding 
75 sites, so as to enable translation and optionally polycistronic transcription (when the genes code for functional proteins 
or polypeptides) of the genes under the control of the promoter. (All other terms used in the present description, when 
not specifically defined herein, have the general meaning as known in the art). 

In order to operably link these nucleotide sequences, the nucleotide sequence of the structural gene can be inserted 
into the DNA material on which the promoter is present and/or naturally occurs, optionally after inactivation, mutation or 
20 deletion of the genes naturally controlled by said promoter, the nucleotide sequence coding for the promoter can be 
inserted into the DNA material carrying the structural gene to be expressed, i.e. in front of the structural gene, or the 
nucleotide sequence coding for the promoter and the nucleotide sequence coding for the structural gene can be linked 
to form a new DNA material for instance an expression cassette maintained on a plasmid. With all these techniques, 
the nucleotide sequence coding for the promoter and/or the nucleotide sequence coding for the structural gene(s) can 
25 be identified, isolated and optionally transferred, inserted and/or linked by means of conventional genetic manipulation - 
and cloning techniques as for instance described in the prior art, mentioned herein, which is incorporated by reference. 

Furthermore, any desired DNA fragment which codes for a desired characteristic, a desired protein, enzyme or 
peptide, or a desired ribonucleic acid can be brought to controlled expression by the method of the invention. 

When the structural gene to be expressed codes for a protein or polypeptide, this peptide can also be a precursor 
30 of the mature polypeptide, such as a pre, pro or prepro form thereof, which can undergo further post-translational mod- 
ifications. As such, the invention comprises both expression of the mature protein as well as expression of these "ripening 
forms", with or without further post-translational modifications depending upon whether the expression host contains 
the cellular and enzymatical mechanisms to carry out said modifications. 

The invention further comprises both secretion of the formed polypeptide or protein (in mature and/or ripening form) , 
35 i.e. by crossing the bacterial cell wall and/or cell envelope. The invention also comprises intracellular accumulation of 
the desired 

polypeptide or protein (in mature or ripening form), optionally followed by disruption of the cell wall so as to free 
said protein or polypeptide into the medium, i.e. by lysis or by the use of holines as described herein below. 

The invention also comprises the expression of in-frame fusions of the desired protein/fc>olypeptide, and the protein 
40 naturally controlled by the promoter, under the control of said promoter. After that, the desired protein or polypeptide 
can be obtained by cleavage of said fusion in a manner known per se. 

In the method according to the invention, genes on said DNA fragment are preferably brought to increased expres- 
sion. In this context it is generally possible to obtain an increase in the expression by a factor of more than 100, which 
is appreciably more than the expression ratio which can be obtained using systems from the prior art. Furthermore, in 
45 the absence of the inducing factor, a very low level of transcription for the desired gene is obtained. 

The increased expression, in combination with the very strict regulation, makes the method according to the present 
invention particularly suitable for the overproduction of gene products at a specific point in the growth of lactic acid 
bacteria, and methods of this type constitute a further aspect of the invention. 

The method of the invention therefore makes it possible to obtain efficient expression of desired homologous or 
so heterologous genes in lactic acid bacteria by positive regulation of the transcription of said genes. Said regulation can 
be obtained by the addition of a component of a naturally occurring fermentation product, which can be added at various 
points in time without it being necessary first to make other modifications to the composition of the medium. 

All these factors contribute tS the very wide applicability of the method according to the invention, so that frife prefeent 
application meets a need which has already existed for a long time and thus constitutes an important step forwards in 
55 the application of regulatory gene expression systems. Further advantages of the present invention will become apparent 
from the description given below. 

The method according to the present invention is in particular suitable for use in the preparation of proteins and/or 
RNA in lactic acid bacteria and methods of this type constitute a further aspect of the invention. 
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In this context, the method according to the invention makes it possible, in particular, to separate the growth of the 
production organism from the production of the desired RNA or protein. This can be very useful in the optimisation of 
product production on a large scale. 

The method according to the present invention can be used for the preparation of proteins such as enzymes, mem- 
5 brane proteins, lytic proteins, extracellular proteins, antimicrobial proteins, and the like. 

Thus, according to a particular aspect, the method of the invention is very suitable for the overproduction of antimi- 
crobial peptides, such as nisin A, nisin Z and/or derivatives or mutants thereof, by bringing coding structural genes onto 
a plasmid under the control of the promoter fragment described. Said overproduction can be carried out using a wild 
type lactic acid bacterium with a conventional nisin promoter, such as that of nisA, and induction with nisin or a derivative 
io thereof. 

The familiarity with the inducer is of great importance for increasing the production of antimicrobial peptides, and 
methods for this constitute a further aspect of the invention. This can take place, for example, by achieving a sufficiently 
high concentration of the inducer, for example by addition, under various fermentation conditions, such as batch culture, 
continuous culture, or production by immobilised cells. In addition, it is possible to guarantee a sufficient degree of 

75 induction by, for example, immobilisation of the inducer. 

Other desired proteins and/or gene products can be obtained by operably placing genes coding for the product of 
interest in the chromosome of the microorganism downstream of the promoter with the aid of well-known chromosomal 
integration techniques (see, for example, Leenhouts, K.J., Kok, J. and Venema, G. (1991) J. Bad, 173, 4794-4798 and 
Kuipers, O.P., Beerthuyzen, M.M., Siezen, R.J. and de Vos, W.M Eur J. Biochem., 216 (1993), 281-291 , and Sambrook 

20 et al -also referred to as Maniatis et al- olecular cloning, A Laboratory Manual, Second edition, Cold Spring Harbor Press, 
1 989, the contents of which are incorporated here by reference), or by cloning the said genes in expression vectors such 
as plasmids on which the relevant promoter fragment is present, and then bringing said genes to expression in a lactic 
acid bacterium. 

The method according to the present invention can, moreover, advantageously be used for the production, in a 
25 regulated manner, of RNA molecules which are active as "anti-sense RNA" with respect to a gene to be inactivated, so 
that specific genes can be inactivated. The possibility of the use of anti-sense RNA in lactic acid bacteria has already 
been described in the prior art. but was restricted by the absence of usable induction systems (see, for example, S.G. 
KimandC.A. Batt Appl. Environm. 5Z(1991). 1109-1113.) 

Furthermore, the method according to the invention can be used for the production of RNA or proteins which have 
30 a negative effect on the growth of the lactic acid bacterium used, such as lytic enzymes and other gene products which 
are intrinsically lethal. 

According to this aspect of the invention, controlled lysis of lactic acid bacteria can be achieved, for example so as 
to be able to induce and to control the release of intracellular enzymes - which according to the method of the invention 
can be produced intracellular^ - in the final fermented product. This offers great advantages for the production and 
35 accelerated maturing of various fermented foodstuffs, such as, for example, cheese and yoghurt. 

An advantage in this context is, in particular, that the controlled lysis can be induced at any desired point in time 
during culture by the addition of the inducer, said inducer preferably being acceptable for foodstuffs. 

It will be clear that such methods could not. or could hardly, be achieved with systems from the prior art because 
these known systems were not able to produce the strict/absolute regulation required for this purpose or were not accept- 
40 able for use in the preparation of foodstuffs. - 

For instance, M.J. Gasson, FEMS Microbiol. Rev. 12 (1993) 3-20, describes a system in which a Listeria bacteri- 
ophage lysine is brought to expression in L lactis under the control of a lac promoter, in which context it is stated that: 
"While the lactose operon is subject to negative regulation it is only partially switched off during repression. More 
effective genetic switches are desirable [...]"■ 
45 With the method according to the present invention a virtually absolute positive regulation is obtained, which makes 
it possible to bring the lysines or other genes to expression highly selectively. 

In a further aspect, the invention therefore relates to methods for the preparation of foodstuffs, in particular dairy 
products, in which the expression system according to the present invention is used. The preparation of these food 
products using the invention can be carried out analogously to known methods, for example by using a lactic acid bac- 
50 terium with an expression system according to the invention, and induction of the expression by the addition of a suitable 
medium component which is safe in food. 

It will be clear to a man skilled in the art that in the production of dairy products, the culture medium will be milk or 
a milk'derived or milk containing medium; which is usually used for the production of the relevant dairy product: 

Finally, the invention relates to a lactic acid bacterium which contains one or more homologous or heterologous 
55 genes, which 

have been brought under the control of a promoter of a microbial gene (cluster) which codes for an antimicrobial 
peptide, and which 

differ from the genes which are naturally - i.e. in the native form or the wild type - regulated by this promoter. 
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According to a specific embodiment, the promoter in this procedure is the promoter of the nisA or n/sZgene of L 
lactis and the homologous and heterologous gene does not belong to the nisin gene cluster described below. 

The one or more genes can be introduced into the chromosomal DN A of the microorganism or by means of a suitable 
vector, such as a plasmid, in accordance with techniques which are known per se and are described below. 
£ In a further aspect, the invention therefore relates to a transformation vector, containing promoter of a microbial 

gene, which codes for an antimicrobial peptide, and one or more genes which are brought under the control of this 
promoter and which differ from the genes which naturally - i.e. in the native form or in the wild type of the relevant 
microorganism from which the promoter originates - are regulated by this promoter. The transformation vector is pref- 
erably a plasmid, but other suitable transformation vectors, such as transposons, phages and the like, can also be used 
10 and can be obtained by methods known to those skilled in the art. 

The transformation vector can also be an expression vector, such as a plasmid, in which the one or more genes on 
the vector are expressed under the control of the promoter present on the vector. 

The use of such expression vectors offers a very simple way of expressing heterologous structural genes in lactic 
acid bacteria, to transfer and/or incorporate a desired heterologous promoter into lactic acid bacteria, and/or both. 
75 Therefore the promoter and the gene(s) controlled by it can be expressed from a suitable expression vector, or after 
incorporation of their sequences into the host's DNA. 

One example of a microorganism of the invention is the lactic acid bacterium L lactis NZ 9800 + pNZ 8008, which 
was filed with the Centraal Bureau Schimmelcultures (CBS; Central Bureau of Mould Cultures) in Baarn on 16 November 
1994 under number CBS 563.94. This microorganism contains the plasmid PNZ 8008 according to the invention, com- 
20 prising the gusA gene under the control of the nisA promoter of L lactis. 

Finally, the invention relates to the use of a lactic acid bacterium as described above in the above method(s) accord- 
ing to the invention. 

However, the applicability of the invention is not restricted to lactic acid bacteria. Other microorganisms, in particular 
Gram-positive bacteria such as B. subtilis, can also be used in an analogous manner, as will be apparent to those skilled * 
25 in the art. 

The present invention is. however, of particular advantage in the preparation of foodstuffs with the aid of lactic acid 
bacteria. 

The invention is explained in more detail below by means of a preferred embodiment, in which the promoter of the 
nisA gene from L lactis is used. As already stated above, the invention is not restricted to this specific promoter. i 
30 The method according to the said preferred aspect of the present invention offers a possibility for activating the 
transcription of any desired gene which is placed under the control of a specific promoter fragment. In this context use 
is made of a fragment containing nisA promoter which can be smaller than 320 bp, with a naturally occurring antimicrobial 
peptide as inducer. 

In this context it has been found that the inducer for transcription activation of the nisA gene in L lactis strains is 

35 the completely modified and proteolytically activated gene product of nisA or nisZ: nisin A or nisin Z (and derivatives 
thereof), and that this can be used as such as inducer in very low concentrations (less than 10 ng/ml). 

This is surprising, partly because of the fact that to date it was known only that autoregulation can occur through 
the own gene product, but not that for this purpose, post-translational modifications have to take place on this gene 
product before the inducing characteristic is produced. The unmodified gene product is not capable of playing the induc- 

40 ing role. This form of autoregulation for the production of antimicrobial peptides, in particular those which are produced 
by lactic acid bacteria, is a surprising and novel phenomenon. 

Furthermore, neither in the case of research on subtilin - or of research on nisin - have there ever previously been 
indications of the need for the presence of a specific medium component in connection with regulation of gene expression 
of the structural gene or of other genes located in the gene cluster. 

45 The nisA promoter preferably used - like the n/sZ promoter which is also suitable • forms part of the gene cluster of 
L lactis which is responsible for the production of nisin, a well-characterised antimicrobial peptide which is produced by 
various strains of the lactic acid bacterium L lactis and is used in the food industry as a natural preservative because 
it inhtoits the growth of undesirable Gram-positive bacteria (see Kuipers et al., ECB6: Proceedings of the 6th European 
Congress on Biotechnology, Elsevier Science, 1994). 

so Nisin belongs to the group of antimicrobial peptides which are referred to as 'iantibiotics'. Molecules of this type are 
characterised by a low molecular mass (< 4 kDa), by the presence of unsaturated amino acid residues, such as dehy- 
droalanine and dehydrobutyrine and by the thioether bridges of lanthionine residues, which are produced by the addition 
ot the sufhydryl group of cysteines to the double bond of the above-mentioned unsaturated amino acids. 

It is assumed that post-translational modifications of the ribosomal synthesised precursor peptide of 57 amino acids. 

55 which has no antimicrobial activity, take place, followed by secretion and the removal of the leader peptide, which leads 
to the active nisin in the medium. 

To date. 8 genes, for which the nucleotide type sequence has been determined, which are involved in the biosyn- 
thesis, secretion, regulation and immunity of nisin have been identified. These genes are located on an approximately 
12 kb fragment of the nisin/sucrose transposon Jn5276 or lx\5278 or Jn5301 t and are named successively nisABT- 
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CIPRKox nisZBTCIPRK. The function of these genes in the nisin biosynthesis is only partly known. The structural gene 
nisA. and also the naturally occurring variant thereof. nisZ, code the unmodified precursor peptide of nisin which consists 
of 57 amino acid residues. The promoter sequence of the structural gene and the transcription start have been identified 
and a clear transcript of approximately 260 bp can be demonstrated after Northern blotting, see Kuipers, O.P., 

5 Beerthuyzen, M.M., Siezen, R.J., and de Vos. W.M., Eur. J. Biochem. 216 (1993), 281-291 , the contents of which are 
incorporated here by reference. However, this article gives no information on the induction of this promoter. 

It has been demonstrated that transcription of the nisA gene is dependent on the integrity of nisA itself, because a 
4 bp deletion in the middle of the nisA gene leads to a complete absence of transcription of this truncated AnisA, see 
kuipers, O.P., Beerthuyzen, M M., Siezen, R.J.. and de Vos. W.M., Eur. J. Biochem. 216 (1993), 281-291, the contents 

10 of which are incorporated here by reference. 

It is also known that the presence of an intact nisR is in all cases required for expression of nisA On the basis of 
the existing homologies between nisK and nisR with well-characterised regulator genes belonging to the family of two- 
component regulator genes, it can be assumed that the nisK gene product (probably a histidine kinase) acts as sensor 
for a factor which has been unknown hitherto and that the latter activates the nisR gene product via a phosphorylation 

75 reaction, as a result of which transcription activation of the nisA gene takes place. It is therefore assumed that nisR and 
nisKare involved in the expression by the nisA promoter and play a role in the signal transduction under the influence 
of an extra-cellular inducing factor present. 

However, the invention is not restricted to this or another explanation. 

Also, although the invention is not limited thereto, applicant has found some indication that nisin producing cells in 
20 vivo stop producing nisin once they have reached the stationary phase, or at least that the amount of nisin produced is 
greatly reduced. Therefore, it is assumed for the preferred promoters of the nisin gencluster of the invention that tran- 
scription/expression of the gene(s) controlled by said promoters will for the most part take place during logaritmic growth, 
although the invention is not limited to any particlar growth phase of the expression host, and transcription/expression 
during for instance the stationary phase is explicitly included. 
25 Also, although the promoters of the invention provide for a strict/absolute regulation of gene expression, a very small 
amount of expression of unknown etiology at an extremely low level (less than 0.1% preferably less than 0.01%), for 
instance due to leakage" or to random mutations within the genetic material of the expression host, is not excluded. 

Finally, although the invention is explicitly not limited thereto, it should be noted that, especially when heterologous 
genes or mutant genes are expressed under the control of the promoters of the invention, the expression products thus 
30 obtained (optionally after post-translational modification) will in general not, or not to any significant extend, be able to 
induce the promoter. 

In the invention use was made of various isogenic nisin-producing and non-producing derivatives of strain L lacfts 
MG1614 (Gasson, M.J. (1993) J. Bacterid. 154, 1-9). 

A transconjugent was obtained which possesses the nisin/sucrose transposon lx\527S\ this strain has been named 

35 L lactis N29700. Strain L lactis NZ9800 was obtained by replacement of the nisA gene by a truncated AnisA gene, 
which contains a 4 bp deletion in position 284-287 (Kuipers et al., 1993a). This strain is no longer capable of nisin 
production. Expression plasmids, such as pN29010 and pNZ9013 which possess, respectively, the nisA and the nisZ 
gene under the control of the efficient lac promoter from the lactose operon of L lactis restore the capacity for nisin A 
and, respectively, Z production when they are introduced into strain NZ9800 (Kuipers et al., loc cit). 

40 Transcription analyses of the nisA gene in various strains, such as NZ9700 and NZ9800, were carried out as pre- 
viously described (Kuipers et aL. loc cit) with the aid of a radio-actively labelled nisA probe. Northern blotting of L lactis 
NZ9700 RNA revealed a clear transcript of approximately 260 nucleotides (nt), whilst this was completely absent in the 
case of the RNA from strain NZ9800. However, when, as is described here in the invention, an amount of nisin (of 
between 0.01 and 1 ^ig/rnl) was present in the culture medium of strain NZ9800, a clear transcript of the AnisA gene 

45 was detected. The AnisA gene itself can never yield an active nisin molecule by the above-mentioned frame-shift muta- 
tion. Subsequent studies demonstrated that other substances were also able to produce this transcription activation. 
These substances include, inter alia, the completely modified precursor nisin A, and the species subtilin leader nisin Z 
and S5T nisin Z obtained by protein engineering techniques which have been described previously. The latter mutant 
contains a dehydrobutyrine in position 5. An unmodified synthetic nisin A precursor was found to be incapable of tran- 

so scription activation. Other antimicrobial peptides, such as lacticin 481 , subtilin, pediocin PA-1 and lactococcin A were 
also incapable of transcription activation. This suggests that the modified structures in the nisin molecule play a role in 
the inducing capacity of nisin. Disruptions of the genes nisB and n/sC, which are probably involved in the modification 
reactions in strain NZ9700, also' resulted in Inability to produce nisin A, although an intact nisA gShe is present. Iri thts 
case as well it was not possible to detect any nisA transcript at all. However, the transcription was able to take place 

55 again when a small amount of nisin was added to the medium. In subsequent studies it was demonstrated with the aid 
of transcriptional fusions between the nisA promoter fragment and the gusA gene from E. co//, coding for p-glucuronidase, 
with its inherent ribosome binding site in NZ9800, that p-glucuronidase activity was detectable only when nisin (or ana- 
logues thereof, such as S3T nisin Z, S5T nisin Z or T2S nisin Z and subtilin leader nisin Z) was introduced into the 
medium. The mutant T2S nisin Z. which was found to possess a Dha residue in position 2, surprisingly had both a higher 
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activity towards various indicator organisms and better inducing characteristics than nisin A and nisin Z. The degree of 
gusA expression was found to depend on the amount of nisin used; higher expression was found with 0.028 fig/ml than 
with 0.014 ng/ml. It has thus been irrefutably demonstrated that it is possible, using the nisin promoter fragment, to bring 
a heterologous gene to expression under strict regulation. 

5 Consequently, it is also demonstrated that it is possible to determine the nisin concentration with the aid of a reporter 

gene (for example the gusA gene), and such methods constitute a further aspect of the invention. 

By cloning a fragment of <t>US3 of L lactis which has been demonstrated to be able to produce lysis, under the 
control of the nisA promoter fragment, it was also possible to achieve lysis of at least some of the cells after induction 
by nisin and it was possible to demonstrate that an appreciable amount of intracellular enzymes, such as, for example, 

w aminopeptidase N (PepN) was liberated. 

L. lactis strains of this type which show induced lysis can be very useful in acceleration of the development of taste 
in fermented dairy products or have industrial applications in the extraction of intracellular proteins or enzymes from L. 
lactis. 

It is assumed that the autoregulation mechanism described also plays a role in the production of other antimicrobial 
is peptides by lactic acid bacteria. In these cases, in a manner analogous to that described here for the nis promoter/nisin 
induction system, a regulated expression system can be developed with the relevant antimicrobial peptide (or analogues 
thereof) as inducer, and the promoter fragment of the structural gene as the element on which the regulation takes place. 
The expression strain used can then be the strain producing the antimicrobial peptide, in which the structural gene is 
switched off using methods which in themselves are well known (Leenhouts et al., and Kuipers et al., loc cit). A plasmid 
20 with the relevant promoter fragment and gene(s) of interest can then be introduced into this lactic acid bacterium in the 
customary manner. 

Furthermore, it is assumed that many other gene clusters exist in lactic acid bacteria which show similarities with 
the nisin gene cluster. In any case, homologous genes for nisABTCPRK have been found in the gene clusters of a few 
other (antibiotics, such as epidermin from Staphylococcus epidermidis, subtilin from Bacillus subtilis and pep5 from 
25 Staphylococcus epidermidis. which suggests a corresponding function. 

Systems of this type can be used in the present invention. 

In a particularly preferred aspect, the invention finally relates to a method for the extracellular production of proteins, 
in which method one or more genes which code for holines are brought to expression, in addition to the one or more 
genes which code for the protein(s) to be produced. Surprisingly, it has been found that these holines produce an increase 

30 in the secretion of these intracellular proteins, but without the cell undergoing complete lysis, as in the case of the 
expression of the lytic genes described above. 

This has the advantage that extracellular release of the proteins produced is obtained, if appropriate after prior 
intracellular modifications, possibly without the cellular production mechanism for the proteins being completely lost, so 
that more efficient production can be achieved, in particular in continuous and/or overproduction. 

35 This type of use of holine genes on their own - that is to say without lysine genes - has not yet been described in 
the prior art. 

Without being restricted to any particular explanation, it is assumed that the holines increase the permeability of 
the cell envelope for the proteins produced by intracellular means. 

Although this aspect of the method can also be used with promoters other than the promoters according to the 
40 application, it is particularly to be preferred to use the holine genes with an expression system according to the invention, 
so that the advantages described above are obtained. 

The preferred embodiments of this system are the same as those indicated above. . 

Finally, the invention offers the possibility of determining the nisin concentration in a simple manner by using lactic 
acid bacteria in which the nisA promoter fragment is coupled to a promoterless reporter gene, such as the gusA gene 
45 of E. colt. 

The invention will now be described with the aid of the following figures and non-limiting examples. 
The figures show: 

Fig. 1 . Primary structure of nisin Z and the structures of the unsaturated amino acids dehydroalanine (Dha), dehy- 
so drobutyrine (Dhb), lanthionine (Ala-S-Ala) and p-methyllanthionine (Abu-S-Ala). 

Fig. 2. Northern blots of RNA from various L lactis strains induced by nisin A and non-induced L lactis strains, all 
probed with nisA. 

Ffg. 3. Northern blots of RNA from various L. lactis strains induced b/hisin' mutants of bthgr bacferiocines and non- 
induced L lactis strains, all probed with nisA. 
55 Figs. 4a-4b. Restriction map of the fragment from Tn5276 containing nisA promoter. 

Figs. 5-9. Restriction maps of constructs according to the invention, i.e. pNZ8002, pNZ8003, pNZ8008, pNZ8010. 
PNZ8011 and pNZ8013. 
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Fig. 10. Coomaassie blue stained gel of extracts of strain NZ 3900 containing pNZ 8040 producing Pep N. Lanes: 
1 and 5, uninduced cells; 2, induced with 0,05 ng/l nisin A: 3, induced with 0,1 jig/I nisin A: 4, induced with 0,5 |xg/l 
nisin A; M, the molecular weight marker. 

Fig. 1 1 . The specific aminopeptidase N activity in nmol/mg.min in strain L lactis NZ3900 containing pNZ8040 in the 
5 absence of nisin A and in the presence of various inducing concentrations of nisin A. 

Fig. 12. Plasmid pNZ8040 containing the nisin promoter fused to the pep/V gene 

Fig. 13. Growth of L lactis NZ9800 containing pNZ801 1 in time, in the absence of a nisin producing culture super- 
natant and in the presence of nisin containing supernatant of strain NIZO R5. 

10 Example 1 

Transcription studies on AnisA of L. lactis NZ9800 with and without inducing agents 

With the aid of Northern blotting with a radioactively labelled nisA probe, it has been demonstrated that no tran- 
15 scription of AnisA takes place in strain NZ9800. Transcription does take place by complementing AnisA by nisA or nisZ 
on pNZ9010 and pNZ9013, respectively. Here it is now first demonstrated that in strain NZ9800 transcription activation 
takes place by the addition of a specific amount of nisin A. 

The results of Northern blots of RNA of L. lactis strains NZ9700 and NZ9800 cultured with and without the presence 
of a specific amount of nisin A are shown in Figure 2. It can clearly be seen from this figure that the transcript of the 
20 AnisA gene can be demonstrated in NZ9800 only when this strain is cultured in the presence of nisin A (0.01 to 1 ^ig/ml) 
in the medium. The conditions for these experiments were identical to those described in Kuipers et al., loc cit. and 
incorporated herein by reference. Subsequent studies demonstrated that substances already known per se from the 
prior art, i.e. nisin Z, completely modified precursor nisin A, subtilin leader nisin Z, A-4D precursor nisin Z and S5T nisin 
Z, were able to produce induction, although in the majority of cases the peptide concentration required to obtain induction 
25 of transcription was appreciably higher than that with nisin A or Z (Fig. 3). 

Cell cultures which contain other bacteriocins, such as subtilin, lacticin 481 and lactococcin A, were not capable of 
producing detectable transcription activation, and the same was true of a synthetically completely unmodified nisin pre- 
cursor peptide (Fig. 3). It can clearly be seen from these results that only molecules which contain a modified (mutant) 
nisin fraction are capable of transcription activation of AnisA. 

30 

Example 2 

Controlled expression of gusA 

35 To demonstrate that genes other than nisA or AnisA can also be brought to controlled expression with the aid of the 
nisin promoter fragment, transcriptional fusions were made between fragments which contain the nisA promoter and a 
promoterless gusA gene. Tothisend, the large nisin promoter fragment (Bg/ll-Ec/1326ll: 1444bp, Fig. 4) was first cloned 
on the plasmid pNZ273, which contained the gusA gene and a polylinker sequence just upstream of the ribosome binding 
site, specifically in the Bgl\\-Sca\ (blunted) digested vector. This construct was named pNZ8003 (Fig. 5). In order to 

40 shorten the promoter fragment, the Bgl\\-Tttr\ 1 1 1 fragment (Fig. 4) was then removed, the sticky ends were blunted with 
the aid of the Klenow fragment of DNA polymerase I and an automation was carried out. The plasmid (pNZ8008, Fig. 
5) thus obtained was introduced into L lactis NZ9800 by means of electroporation and it was demonstrated that no p- 
glucuronidase activity was obtained on culture of the transformant in the absence of an inducing agent. However, by 
means of induction with extra-cell ularly added nisin A or nisin Z in concentrations varying from 0.0001 to 0.1 *ig/ml it 

45 was possible to obtain appreciable p-giucuronidase activity; see Table 1 . 
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Table 1 


p-glucuronidase activity of L. lactis NZ9800 with pNZ8008 after induction with various amounts of nisin A. 


Induction amount of nisin A (jig/rnl) 


^-glucuronidase activity in cell-free extract (arbitrary units) 


0 


<0.1 


0.0001 


3 


0.0005 


18 


0.0007 


45 


0.0070 


90 



15 

It was also demonstrated that the purified mutants S3T nisin Z (contains a p-methyllanthionine instead of a lanthio- 
nine between residues 3 and 7) and T2S nisin Z (contains a Dha instead of a Dhb in position 2) gave clear p-glucuronidase 
activity, whilst more of the first inducer (S3T) and less of the second inducer (T2S) was required in order to obtain the 

20 same p-glucuronidase activity as obtained with wild-type nisin (Table 1). This demonstrates that T2S nisin Z is a better 
inducer than the two wild-type nisins and also demonstrates that the type of nisin and nisin concentration in the medium 
also have an influence on the ultimate expression level. It was then demonstrated that no induction could be obtained 
with preparations containing subtilin or lactococcin A. After introduction of the same plasmid (pNZ8008) into NZ9700, 
a nisin A producer, constitutive p-glucuronidase production was found, which is to be expected because constitutive 

25 nisin A is also formed here. The gusA gene was also cloned approximately 300 bp downstream of nisA, in a vector 
preceded by the nis promoter, the AnisA fragment and part of the nisB gene (pNZ8002, Fig. 5). With a comparable 
amount of inducer, in NZ9800 this construct gave a p-glucuronidase activity which was substantially lower (> 20x) than 
that of pNZ8008, which indicates transcription attenuation, probably caused by the presence of an 'inverted repeat* 
sequence, located just upstream of the translation start of nisB. This reduced transcription level can be used to bring to 

30 expression genes for which it is considered desirable to restrict the maximum transcription level. 

Example 3 

Controlled lysis of lactic acid bacteria 

35 

A vector with which lysis of L. lactis NZ9800 could be achieved in a controlled manner has been developed for the 
possible application of the system described above. To this end, a cassette was cloned in plasmid pNZ8010 (a derivative 
of pNZ8008 with a multiple cloning site for the gusA gene; Fig. 5), which cassette contains the genes ORF2 and lytA 
from L lactis phage <t>US3 (Platteeuw, C. and de Vos, W.M. (1992) Gene 118, 115-120. This construct was named 

40 pNZ80l 1 (Fig. 5). The ORF2 and lytA genes code for proteins which are, respectively, a presumed holine and a presumed 
amidase. The lytic effect after expression of these genes in E, coli or L lactis is already known. The plasmid pNZ80l 1 
was introduced into strain L lactis NZ9800 and these transformants were analysed during growth in the absence or the 
presence of nisin A. In the absence of nisin A normal growth took place, but in the presence of nisin A the optical density 
of the culture decreased sharply after about 30 min, which indicates inhibition of growth and lysis of the cells. Counts 

45 of surviving cells 2, 3 or 4 hours after induction (0.014 \ig nisin A/ml) showed a reduction in viable cells by a factor of 
10 3 compared with the situation without induction (Table 2). 
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Table 2 

Survival of cells which are capable of bringing lytic genes to 



expression under the influence of nisin induction 

Number of survivors (100 %) varies from 4*10 8 - 4*10 9 (pNZ8008), 

2*10 B - 9.7*10 8 (pNZ8011). 



Colony- forming units L. lactis NZ9800 


Nisin A 


pNZ8008 


pNZ8011 


ug/mi 


% 




0 

7*10-* 


100 
100 


100 
0.1 



In a subsequent experiment it was demonstrated that when the aminopeptidase N (PepN) was overproduced at the 
same time in this strain by the introduction of plasmid pNZ1 120 (van Alen Boerrigter, I. J., Baankreis, R. and de Vos, 
W.M. (1991) Appl. Environm. Microbiol. 265, 18499-18503). an intracellular accumulation of PepN was detected in the 
25 non-induced state without detectable PepN activity in the medium, whilst in the induced state (0 028 fig nisin A/ml) more 
than 60 % of the total aminopeptidase N (PepN) formed was found in the supernatant of the culture after 6 hours (Table 3) . 

The abovementioned example reveals the great advantage of this system: without making major changes to the 
medium, the cells can be brought to lysis, or at least to the release of intracellular enzymes into the medium, using low 
nisin concentrations, which is of great importance for a number of (dairy) applications. 
30 Surprisingly, a plasmid on which only ORF2 (assumed holine) was under the control of the nis promoter (pNZ801 3) 
also led to a high percentage of secreted PepN (Table 3), after transformation of said plasmid to strain NZ9800 which 
contained pNZ1 120 (PepN). This indicates that a holine on its own is already capable of secretion of relatively large 
amounts of a relatively large intracellular enzyme such as PepN (95 kDa). 

This could have the advantage that the cells remain metabolicaily active for a longer period and, consequently, could 
35 be able to continue to produce more enzyme than is the case with total lysis. 



BNSDOCID: <EP 0712935AS_L> 



12 



EP 0 712 935 A2 



Table 3 

PepN activity in the cell-free extract (cfe) and in the 
supernatant (sup) of N29800 + pNZll20 (pepN) ♦ pNZ8011 (0RF2- 
lytA) or pNZ8013 (ORF2) with and without induction by nisin A 



10 


pN28011 














r 

Time (h) after 
induction 


( ug/ml nlsA ) 


cfe 
(%) 


sup 

(%) 


15 


2 


0.03 


85 


15 






0 


> 


98 


< 2.0 




3 


0.03 


87 


13 


20 




0 


> 


98 


< 2.0 




4 


0.03 


85 


15 






0 


> 


98 


< 2.0 


25 


5 


0.03 


78 


22 






0 


> 


98 


< 2.0 




6 


0.03 


38 


62 


30 




0 


> 


98 


< 2.0 


] 


pNZ8013 




35 


Time (h) 
after induc- 
tion 


Induction 
(ug/ml nlsA) 


cfe 
(%) 


sup 
(%) 




2 


0.03 


81 


19 






0 


> 


98 


< 2.0 


40 


3 


0.03 


74 


26 






0 


> 


98 


< 2.0 




4 


0.03 


65 


35 


' 




0 


> 


98 


< 2.0 






0.03 


48 


52 






0 


> 


98 


< 2.0 


SO 


6 


0.03 


34 


66 






0 


> 


9.8 


.< 2 . 0 
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Example 4 

Overexpression of pepN in L. lactis N23900 

5 The controlled expression of aminopeptidase N of L lactis in L lactis NZ3900 is an example of a significant overpro- 
duction of a homologous protein in L lactis. This overproduction allows rapid extraction and purification of great amounts 
of PepN that can be used in biochemical studies. This might be useful to assess the specific contribution of this ami- 
nopeptidase N in debittering activity after the proteolytic degradation of casein in milk and for direct application of this 
strain in dairy fermentations. 

io The pepN gene was cloned as a 2.4-kb PCR-fragment derived from pNZ1 120 (Alen-Boerrigter van, I. J., R. Baankreis 
and W. M. de Vos. 1991 . Appl. Environ. 

Microbiol. 57:2555-2561 .) as a template, behind the nisA promoter, generating pN28040. The primer sequences used 
were 5GCAACTGCAGGAGAAGCCATGGCTGTAAAACG 3' and 5'CCTTATTCTCGAGTTGATTGTTCTATCG 3". This 
plasmid was introduced in strain NZ3900 (an MG1363 derivative containing the n/stfand nisK genes integrated in the 

15 pepN locus on the chromosome). This strain containing pNZ8040 was grown until an OD 6 oo of 0.5 was reached and 
than devided in 25 ml tubes. Three tubes were induced with 5.10" 4 , 1 .10" 4 , 5.10" 5 ng/ml nisin A, respectively, and one 
tube was incubated without induction. After 90 minutes growth at 30°C, cells were harvested and cell free extracts were 
prepared. 100 jil of the extracts were mixed with equal amounts of sample buffer and 20 jil was applied to a 10% 
polyacrylamide-SDS gel. Fig. 1 0 shows the overproduction of the 95-kDa aminopeptidase N after induction (lane 2,3,4). 

20 This result indicates that a major portion of intracellular protein is formed by the overproduced PepN protein. 

The cell free extracts were also used in an activity assay. PepN activity was determined at 30°C by monitoring the 
hydrolysis of the substrate lysyl-p-nitroanilide as described before (Exterkate, F.J. 1984. Appl. Environ. Microbiol. 47:177- 
183). Protein concentrations were determined as described previously (Bradford, M. M. 1976. Anal. Biochem. 72:248- 
354). Fig. 1 1 . shows the specific activity in nmol/mg.min. of aminopeptidase N after induction with various concentrations 

25 of nisin A. This dose-response curve shows the high production ol the desired protein by induction with nisin A. A specific 
PepN activity of 25000 nmol/mg.min was achieved using 0.5 julq/I nisin A as an inducer, a level that has never been 
reached before by use of other (constitutive) promoters. This is at least a 400 fold overproduction compared to the 
production level of the chromosomal encoded pepN. 

30 Example 5 

Controlled lysis of L. lactis in milk 

This example shows the possibility to produce lytic (lethal) enzymes by expressing genes under control of the nisA 
35 promoter by L. lactis in a dairy environment. Strain L lactis NZ9800 {AnisA, lac-, prt-) containing the plasmid pNZ801 1 
{lytH-lytA cloned behind the nisA promoter) was grown in milk containing 0.5% casiton, 0.5% glucose and 10 fig/ml 
chloramphenicol. As a control strain L lactis NZ9800 containing pNZ8008 (nisA promoter fused to the gusA gene) was 
used. White growing the strains in milk, the ODeoo of samples were measured after clearing 100 \i\ milk sample culture 
with 900 jjlI 0.5 M Sodium-borate/10 mM EDTA. At an OD600 of 0.05 the cultures were devided in different tubes and 
40 supernatant of the wild-type nisin producing strain L lactis NIZO R5 ( Galesloot, T.E., and J.W. Pette. 1957. Neth. Milk 
Dairy J. 11:144-151) was added. 

Strain NIZO R5 was also grown in milk. ThepH of this overnight culture was adjusted to 6.5 by use of 1 M NaOH. Sodium 
citrate (2 ml) was added to dear the milk and after clearing for 1 5 minutes on ice the cells were centrif uged for 30 minutes. 
The supernatant was used for induction. 250 jil and 25 \i\ of supernatant was added to 25 ml of NZ9800 cultures. After 
45 induction by NIZO R5 supernatant the growth of the strains was measured and after 2 hours the NZ9800 + pNZ801 1 
cells started to lyse. This lysis was caused by expression of the lytH, encoding the holin, and the iytA gene, encoding 
an amidase, while the NZ9800 containing pNZ8008 strain was not lysed. 

This experiment clearly demonstrates the feasibility of controlled lysis of a dairy starter strain by use of a simple fer- 
mented, food grade product i.e. a nisin producing L lactis grown in milk. 

50 

Claims 

1. Method for the cohtrolted expression, in a lactic acid bdctenum, of a DNA fragment which contains one or mons 
genes coding for a desired characteristic, characterised in that 

55 

the DNA fragment is under the control of a promoter for a microbial gene which codes for an antimicrobial 
peptide, and 

the one or more genes on the DNA fragment are brought to expression by the addition of a suitable inducer for 
the transcription activation. 
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2. Method according to Claim 1, characterised in that the gene or the genes on the DNA fragment are brought to 
increased expression. 

3. Method according to Claim 1 or 2, characterised in that the promoter is the promoter of the nisA gene from Lacto- 
coccus lactis. 

4. Method according to one of Claims 1-3, characterised in that the inducer is acceptable for food products. 

5. Method according to one of Claims 1-4, characterised in that the inducer is produced by a lactic acid bacterium. 

6. Method according to one of Claims 1 -5, characterised in that the inducer is an antimicrobial peptide or an analogon, 
mutant, variant and/or derivative thereof. 

7. Method according to one of Claims 1-6, characterised in that the inducer is chosen from nisin A, nisin Z and/or 
is analogues, mutants, variants and/or derivatives thereof. 

8. Method according to one of Claims 1 -7, characterised in that the inducer is added as (a supernatant of) a culture 
of a lactic acid bacterium. 

20 9. Method according to one of Claims 1 -8, characterised in that the inducer is added in an amount of 0.00001-1 0 mg/l, 
preferably 0.0001 -0.1 mg/l , based on the total volume of the culture. 

1 0. Method according to one of Claims 1 -9, characterised in that the DNA fragment with one or more genes is brought 
under the control of the promoter in a manner known per se, by operably connecting the DNA fragment to a DNA 

25 fragment containing the promoter. 

1 1 . Method according to one of Claims 1-10. characterised in that the expression of the DNA fragment results in lysis 
of the microorganism or the release of intracellular proteins into the medium. 

30 1 2- Method according to one of Claims 1-11. characterised in that the lactic acid bacterium is a strain of L lactis. 

1 3. Method for the production of proteins or RN A in a lactic acid bacterium by expressing a DNA fragment, characterised 
in that the DNA fragment is expressed by means of a method according to one of Claims 1-12. 

35 14. Method according to Claim 13, characterised in that the protein is an antimicrobial peptide which is brought to 
overproduction. 

15. Method according to Claim 14, characterised in that the protein is nisin. 

40 16. Method according to Claim 13, characterised in that the RNA produced is "anti-sense" RNA. 

17. Method for the preparation of dairy products, which contain a desired protein, characterised in that the desired 
protein is obtained by application of a method according to Claim 12. 

45 18. Dairy products obtainable by means of a method according to Claim 1 7. 

19. Lactic acid bacterium which contains one or more homologous or heterologous genes, which: 

have been brought under the control of a promoter of a microbial gene coding for an antimicrobial peptide, and 
so which 

differ from the genes which are naturally regulated by this promoter. 

20. Lactic acid bacterium according to Claim 1 9, wherein the promoter is the nisA promoter of L lactis. " 
55 21 . Lactic acid bacterium according to Claim 1 9 or 20. being a strain of L lactis. 

22. Use of a lactic acid bacterium according to Claims 19-21 in a method according to one of Claims 1-12, 13-16.or 17. 
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23. Use of a microorganism according to one of Claims 19-21 in the determination of the concentration of an inducer 
in a medium. 

24. Use according to Claim 23, wherein the microorganism is a microorganism according to Claims 20-21 and the 
5 inducer is nisin, an analogon, a mutant, a variant and/or a derivative thereof. 

25. Vector, containing 

a promoter of a microbial gene, which codes for an antimicrobial peptide, and 
w - one or more genes which are brought under the control of said promoter and which differ from the genes which 
are naturally regulated by this promoter. 

26. Vector according to Claim 25, characterised in that the promoter is the nisA promoter of L. lactis. 
15 27. Vector according to Claim 25 or 26, being a plasmid. 

28. Method for the extracellular production of gene products, such as proteins, in a microorganism by bringing a gene 
coding for the gene product to expression, characterised in that the permeability of the cell wall or the cell membrane 
of the microorganism to the gene product is increased by expressing one or more genes which code for a holine. 

20 

29. Method according to Claim 28, characterised in that the expression of the one or more genes which code for the 
holine is regulated by a method according to one of Claims 1-13. 
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(54) Method for controlling the gene expression in lactic acid bacteria 



(57) The present invention relates to a method for 
the controlled expression, in a lactic acid bacterium, of 
a DNA fragment containing one or more genes coding 
for a desired characteristic, characterised in that 

the DNA fragment is under the control of a promoter 
for a microbial gene which codes tor an antimicro- 
bial peptide, and 

the gene/the genes are brought to expression on 
the DNA fragment by' the addition of a suitable 
inducing factor for the transcription activation. 

The promoter is preferably the nisA promoter from 
Lactococcus lactis. 

The inducer is preferably acceptable for food prod- 
ucts, and more preferentially is nisin or derivatives 
thereof. 

The invention also relates to a method for the pro- 
duction of proteins or RNA. as well as to a method for 
the preparation of dairy products using the expression 
system according to the invention. 

The invention finally relates to lactic arid tsacteria 
and expression vectors for use in the method according 
to the invention. 
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